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L E O P O L D C E N T E R FOR SUSTAINABLE AGRICULTURE 
Managing weeds by integrating smother plants, 
cover crops, and alternate soil management 
Abstract: Any serious attempt to reduce pesticide use must focus on weed management. This project 
Principal Investigator: looks at practices to suppress weeds before crop planting, which will improve the effectiveness of other 
Mike Burkart weed control tactics. 
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Keith Kohler 
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Ames 
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Background 
Current weed control technology has been 
successful and has made a major contribution 
to increased agricultural productivity. How­
ever, the system is far from perfect and weeds 
continue to present significant challenges. 
Weed populations shift in response to use of 
herbicide and other production practices, her­
bicide residues are appearing in unintended 
places, and soil erosion continues. Herbicides 
account for more than 85 percent of all pesti­
cide use in Iowa. Therefore, any serious at­
tempt to reduce pesticide use must focus on 
alternatives for weed management. 
This project aims to broaden the scope and 
diversity of biologically intensive weed man­
agement systems. Previous Leopold Center 
research demonstrated the potential for com-
petition-based weed control in corn and soy­
beans. However, the success or failure of these 
treatments was closely tied to the nature and 
intensity of the weed population, weather, and 
soil conditions. Overall, researchers on this 
project seek to develop practices that reduce 
weed densities before crop planting, thus de­
creasing weed pressures and improving the 
effectiveness and consistency of smother plant 
and other alternative weed control systems. 
Specific goals included: 
1.	 Reducing weed densities before crop plant­
ing through use of cover crops and timely 
soil disturbance, 
2.	 Continuing to develop spring-seeded 
smother plant systems for weed control in 
corn and soybeans, and 
3.	 Integrating methods that reduce weed den­
sities before crop planting with smother 
plants to create diverse, biologically- and 
plant competition-based weed manage­
ment systems. 
Approach and methods 
A series of experiments were conducted to 
determine how best to suppress weeds by 
managing the soil environment and interspecies 
competition. Field activities took place from 
April through early November at the ISU Ag 
and Biosystems Engineering Research Farm, 
Boone. Research planning and data analysis, 
interpretation, and writing activities occurred 
outside the fieldwork periods. 
Results and discussion 
Experiment I-1. Effect of tillage timing on 
weed seed bank emergence dynamics. Crop­
ping sequence was a soybean/corn rotation. 
Tillage treatments were applied to soybean 
and soybean residue each fall. Remaining treat­
ments were applied in the spring, and re­
sponses evaluated in corn during the following 
seasons. A no-tillage check was added in 2001. 
This resulted in seed bank emergence similar 
to fall-applied treatments. Giant foxtail was 
the dominant weed species in all years. Tillage 
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timing had a significant impact on weed seed 
bank emergence but had little to no effect on 
corn yield. 
Experiment I-2. Stale seedbed and managing 
the light environment. Cropping sequence was 
a soybean/corn rotation. The primary tillage 
treatments were applied to soybean residue in 
autumn and responses were evaluated during 
corn production in the spring. An oat cover 
crop was drop-seeded to provide winter cover, 
but there was little establishment during sev­
eral dry fall seasons. There were no significant 
differences between whole plot treatments and 
sub-plot treatments at any data collection time. 
No spring tillage for seedbed preparation re­
sulted in the highest numerical weed densities 
throughout the year. Tillage in the absence of 
light has been shown to inhibit germination of 
small seeded broadleaf species, however, there 
were no significant differences in common 
waterhemp or common lambsquarters popula­
tions at any point in the growing season. 
Experiment I-3. Cover crop and surface resi­
due management. Cropping sequence was a 
soybean/corn rotation. Fall cover crop treat­
ments of Brassica, oats/Brassica mix, and rye 
were seeded into fall soybean residue. Cover 
crop densities and ground cover were recorded 
in November. Cover crop biomass was col­
lected for fall seeding, but generally dry con­
ditions resulted in poor establishment and 
growth. Fall versus spring planting of cover 
crops had no effect on weed densities through­
out the years, but spring-seeded cover crops 
resulted in higher weed biomass at 60 days 
after planting, and this may have caused the 
reduced corn yield in this comparison. Rye 
significantly reduced early season weed emer­
gence over Brassica and oats/Brassica, but 
there was no difference in weed density by 72 
days after planting (DAP). Rye reduced corn 
density and height, but yields, although lower, 
were statistically equivalent to other cover 
treatments. This study also recorded that treat­
ment with tillage/no cover had higher weed 
densities and weed biomass relative to herbi­
cide treatment. 
Experiment II-2. Smother plant manage­
ment using low-rate herbicide applications. 
Soybean varieties resistant to glyphosate were 
used. Glyphosate was broadcast or applied in 
a band over the crop rows and effectively 
removed the cover crops. There was no sig­
nificant difference between herbicide and cover 
crop treatments in dealing with weed densities 
at 14 and 60 DAP. All herbicide treatments 
yielded significantly higher than the no-herbi-
cide control, with the early broadcast treat­
ment resulting in the highest weed biomass 
and highest soybean yields. 
Experiment II-3. To achieve success using a 
Medic cover crop for weed control, the stand 
should be established as early as possible in the 
spring. But once it takes hold, few legumes 
outperform Medic spp.  in soil saving, soil 
building, and forage capacity. A Medic nurs­
ery containing 25 Medic species, each repli­
cated four times, was established to evaluate 
the suitability of a wide range of genetic mate­
rial. Plant height, ground cover, life cycle 
length, and a comprehensive relative suitabil­
ity rating were evaluated. There were wide 
ranges in each category within the varieties. 
Ultimately two varieties were among the high­
est rated and were the furthest advanced in 
their life cycles at the time of data collection. 
Experiment III-1. Integrated biological sys­
tems for weed control in corn and soybeans. 
Cropping sequence was a soybean/corn rota­
tion. Autumn modification treatments were 
established in soybean residue. Responses were 
evaluated and spring systems were established 
in corn. Fall rye and spring oats/mustard treat­
ments were used. The rye treatment reduced 
weed densities at all counting times and re­
sulted in the lowest mean weed biomass, but it 
also had a significant reduction on corn height 
and yield. Weed density in the minimal herbi­
cide treatment remained high throughout the 
What are appropriate 
efficacy expectations 
for selected low/no-
herbicide weed 
management systems 
that use smother 
plants, cover crops, and 
alternate tillage 
strategies? Several 
strategies investigated 
in this work may 
enhance the adoption 
of weed management 
plans that use low/no 
herbicide inputs. The 
scope and diversity of 
biologically intensive 
weed management 
systems was broad­
ened by these investi­
gations. 
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summer, yet total weed biomass was low. The 
herbicide application did not completely kill 
weeds, but halted weed growth and competi­
tion while causing no significant reduction in 
corn yield. 
Conclusions 
Experiment I-1. Early spring tillage results in 
higher overall seedbank expression. Shallow 
tillage encourages establishment because the 
soil is loosened, aerated, and exposed to light. 
This experiment indicated that maximum 
seedbank expression was obtained when early 
spring tillage was accompanied by herbicide 
control measures applied as near to crop plant­
ing time as possible. Delayed tillage, resulting 
in sizeable seedbank emergence at the same 
time as crop emergence, may not be an ideal 
situation for the crop from a competition stand­
point. In this experiment, however, impacts on 
weed emergence from tillage timing had little 
to no effect on corn yields. 
Experiment I-2. Stale seedbank attempts were 
not successful in this study. We theorize that 
the historical seedbank at depths in our plot 
areas was very fertile, and moldboard plowing 
positioned this seedbank favorably for maxi­
mum expression. The weed population dynam­
ics of this area showed no significant differ­
ences between daytime and dark tillage opera­
tions. Additionally, the tillage light environ­
ment created no advantages or differences in 
crop data. 
Experiment I-3. Treatments involving tillage 
generally resulted in higher total weed densi­
ties than those using herbicide for cover crop 
removal. Weed biomass was not significantly 
affected by time of cover crop establishment 
(fall vs. spring). Rye was most effective at 
reducing early season weed emergence, but by 
72 DAP there were no differences between 
treatments in weed density. Corn yields with 
rye were lower, but not statistically lower than 
the other treatments. One experimental setting 
showed statistically significant corn yield de­
pression following rye, while another showed 
a numerical (though not statistically signifi­
cant) depression. The impact of over-winter-
ing cereal cover crops on subsequent corn 
yield is a major researchable topic, one fully 
deserving of additional funding. 
Experiment II-2. Cover crops reduced weed 
competition and did not adversely affect soy­
bean yield. Low rates of glyphosate were ef­
fective for killing residual cover crops and 
escaped weeds. The later planting dates of 
soybean relative to corn make spring-seeded 
cover crops a viable option as a weed manage­
ment tool, however, an herbicide application 
is important to control the cover crop and 
maintain the soybean yield. Oats/mustard as a 
mixed cover crop may be more desirable than 
mustard alone, adding resilience under differ­
ent environmental conditions. 
Experiment II-3. The Medic cultivars tested 
grow quickly and are prolific seed producers. 
Speedy germination can lead to three crops 
(two reseedings) in a single season from a 
spring planting in the Midwest. These culti­
vars may be a good option for those seeking 
ground cover throughout the year. They don’t 
perform as well for weed suppression in 
warmer, drier conditions, but once established 
they are very good for soil saving, soil enrich­
ment, and forage. 
Experiment III-1. The weedy control treat­
ment reduced corn yield relative to the weed-
free (full-tillage and chemical application) and 
tillage control treatments. Yields in the mini­
mal herbicide treatment were intermediate. 
Fall rye whole-plot treatments successfully 
reduced early spring weed populations, but 
also caused significant reduction in subse­
quent corn yield. Spring oats/mustard resulted 
in the highest corn yield. 
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Impact of results 
This work focused on integrating methods that 
reduce weed populations with smother crops 
before crop planting. This creates plant com-
petition-based (rather than herbicide-based) 
weed management systems. 
Planting yellow mustard or oats plus yellow 
mustard as a cover crop 30 days before soy­
bean planting was combined with a variety of 
approaches to managing the cover crop. The 
cover crops greatly increased soil cover early 
in the growing season and suppressed weeds. 
When combined with a low rate of herbicide 
application, weed control and soybean yields 
were equal to or greater than the conventional 
system. These methods could provide farmers 
with additional weed controls that reduce use 
of herbicides and protect the soil from erosion 
early in the growing season when it is most 
vulnerable to intense spring rains. Practice 
and research on localized areas may provide 
answers to concerns regarding corn produc­
tion following certain cover crops. 
This work benefited crop producers by pro­
viding them with additional information on 
weed control. The general public will ulti­
mately benefit from improved water quality 
due to a reduction in herbicide use and soil 
erosion. 
Education and outreach 
Five publications—journal articles and a book 
chapter—have emerged from this project. 
Project investigators have shared findings with 
farmers, Extension staff, crop consultants, and 
others seeking information on cover crop/ 
weed interactions. 
For more information 
contact Mike Burkhart, 
USDA-ARS, National 
Soil Tilth Lab, 2150 
Pammel Drive, Ames, 
Iowa 50011, (515) 294­
5809, e-mail 
burkhart@nstl.gov 
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